Principal Component Analysis (PCA) of Alzheimer's disease (AD) and twelve epidemiological 9 and socio-economic components of the USA states inform etiology by extracting large scale 10 patterns. The twelve components demonstrate simple pairwise Pearson correlations to AD, and 11 then are analyzed by PCA for loadings associated with AD. Repetitive factor analysis and the 12 culling of questionable data reduced the factors (all per capita) associated with AD to two, one 13 factor with the components dentists and wine consumption and another factor with the 14 components beer consumption and dentists. Dentists and wine are likely associated with reduced 15 AD incidence because of the known inverse association with elevated education. Dental care is 16 known to be inversely associated with AD incidence. The contribution of beer consumption to 17 AD incidence is likely because of the negative effect on the innate immune system from either 18 phytoestrogens in hops, or detritus from fermentation permitting the fungal colonization seen in 19 AD brains. 20
, [6] , [7] , [8] . The 7 most common widespread commensal fungus is Candida albicans which is in the same family as 8
Saccharomyces cerevisiae yeast used in fermentation. This report describes the analysis of the 9 frequency of AD in the states of the USA versus various social and epidemiological factors. 10
Methods 11
To illuminate the etiology of AD, examination of epidemiological data requires a suitable 12 dataset. The WHO dataset was not used because medical identification of AD cases and autopsy 13 procedures lack standardization, and because poverty limits data collection [9] . The USA 14 statewide data is used because of the availability of social and health data, and relatively standard 15 autopsy data is used instead of relying on sometimes subjective AD diagnoses that can conflate 16 vascular dementia and AD. All of the data used in analysis by state, disease, and lifestyle choice 17 is drawn from government and industry public websites and is in Supplemental [19] , [20] . 19 PCA is an established method of multivariate data analysis [21] dating back to Pearson [22] who 20 conceived the notion of a correlation ellipsoid. The idea is to least squares fit low-dimensional 21 subspaces to a cloud of data and relate them to a multidimensional correlation ellipsoid [23] . 22 The analysis goal is to reduce the linear combinations of covariates that are uncorrelated and 23 have maximal variance, i.e. have axes at perpendicular maxima on the correlation ellipsoids. 24 Epidemiological, social and health data from all states are analyzed by creating a correlation 25 matrix, and from this correlation matrix, PCA and Varimax rotation are applied for exploratory 26 component analysis [24] [25] . Factor loading levels are evaluated according to standard practice 27 [26] . The state data for the items in the cross-correlation matrix are examined for unweighted 28 correlation coefficients [27] measured against AD65 (AD cases per 100,000 of the over 65 29 population) assuming that all of the socio-economic factors apply evenly over a lifetime. Factors 30 were removed when the communal loadings were too low to warrant including them in a 4 factor 31 analysis. Data from CA, FL, NV, and NH were excluded for various reasons. Nevada was 32 removed because it has a many celebratory visitors that alter alcohol consumption, and similarly 33
New Hampshire has no sales tax, driving significant cross border alcohol sales [28] . Florida and 34
California were excluded because of the large differences between the elderly social profiles and 35 the youth social profiles. Factor analysis shows that AD65 and per capita beer consumption are the most significant 7 components of Factor 4 in Table 1 , and they are positively correlated (r=0.306,
. None of 8 the other loadings in Factor 4 were significant although there were minor loadings for dentists 9 per capita and substance abuse. Thus 6.35% of the variance in the state data is attributed to 10 AD65 or beer consumption, and neither appear as significant loadings in the other factors. 11 43% of the variance in the socio-economic data is attributed to Factor 1, which is composed of 1 various economic components that refer to the wealth of the various states. Factor 2 loadings are 2 labeled "Death Rate", and may be summarized as "risky and poor life choice behavior leading to 3 early death and thus increasing age adjusted death rate." Cigarette smoking, overweight and 4 substance abuse are major components of Factor 2. Altogether Factor 2 contributes 16% of the 5 total variance and AD65 has no loading it. The use of AD65 instead of age adjusted death rate 6 (AADR) due to AD is validated by AD65 showing no loading for Factor 2: Since AD can only 7 occur at maturity, and because early death reduces the occurrence rate of AD, use of AADR due 8 to AD induces a confounding anti-correlation with overall AADR. Factor 3, labeled "Alcohol", 9 includes significant loadings from all forms of alcohol consumption and addictive behavior 10 (9.4% of the variance), and again, no loadings are associated with AD65. 11
Starting with this initial exploratory PCA, successive reductions were performed on the cofactors 12 of AD65 to remove components with high common loadings: e.g. physicians per capita and 13 retaining dentists per capita both have high loadings in the primary wealth factor, and 14 additionally dentists have some loading in the AD/Beer factor which makes The results of component reduction are shown in Table 2 . Wealth/Education is labeled that way, 29 because wine consumption is seen here as a proxy for education [30] and wealth. Beer has no 30 loading in the Wealth/Education factor and dominates factor 2. AD65 loading is evenly split 1 between the two factors which means that AD incidence likely has two cofactors in this analysis: 2
One is wealth and the other is associated with beer and dentistry, but neither wine nor spirits. 3
Dentist loadings have two aspects: Dentists are associated with a wealthy population, and they 4 also manage the oral hygiene of the population. Better dental hygiene has been associated with 5 reduction and management of fungal infections and biofilms [31] [32] [33] which could enter the 6 brain through oropharyngeal tracts. The components of factor 2 point to a biological, not socio-7 economic contribution. 8
Discussion 9
High Pearson correlations are found for per capita wine and beer consumption and per capita 10 dentists compared to AD65. Of the initial 12 component study, only state-wise per capita beer 11 ethanol consumption has strong loading with AD65 in PCA Varimax rotation. Because of the 12 highly correlated factors within wealth/poverty, age adjusted death rates, and risky behavior, 13
PCA is used to isolate collinearity and identify confounding multivariate relationships. PCA 14 deals with the problem of multi-collinearity which otherwise leads to instabilities in multivariate 15 regression analysis [34] . Factor analysis reduced the number of linear covariates to AD65 and 16 verified that AD65 had no extraneous loading with age adjusted death rates (Table 1) . 17
Lower education level is a well-known risk factor of AD incidence [35] [36] and wine [37] [38] 18 is well correlated to elevated wealth and education [39] . The frequent comment when beer is 19
shown correlated with AD is: "Beer drinking is probably associated with class or poverty." The 20 loadings in factor analysis show that beer consumption factor loadings with AD65 are 21 independent of the wealth/poverty factor. 22
Published work indicates that beer might be a factor in the development of AD and dementia 23 [40] . Iceland has lowest rate of AD in Europe with 1.19% of the population which is much 24 lower than the EU average AD rate of 1.55% [41] . A fact that supports a role for beer in the 25 development of AD is that Iceland banned beer until 1989 [42] . Another factor in the 26 development of AD could be the extremely low incidence of mild hyperthyroidism in Iceland (4x 27 lower) compared to the incidence of mild hyperthyroidism in Europe's elderly [43] . Thyroid 28 disease was identified as a risk factor for AD in a Canadian study [44] . Beer consumption 29 (>1000ml/week) was associated with goiter incidence in a German study [45] The Copenhagen City Heart study found that the relative risk (RR) of all dementia was around 33 2x for occasional to daily beer drinkers [46] . RR was 2.47 for light and moderate beer drinkers 34 in a multi-city study in China [47] . And RR was 1.96 for daily beer drinkers in a New England 35 study [48] . The Helsinki study of beer drinkers at autopsy found reduced Aβ aggregation [49] , 36 but they cautioned that the study was too small to observe relative risk of AD onset; reduction of 37 Aβ aggregation may be evidence of innate immune suppression. 38
Of the reasons to associate beer consumption with the development of AD, consider either yeast 39 (live or dead and its detritus), or hops. Yeast might overload the innate immune system and limit 40 control of systemic fungal/yeast infections [50] . Hops contain high levels of phytoestrogens 41 which may induce many estrogenic disorders [51] , including "brewer's droop [52] ." Women 1 with nM levels of estrogen/estradiol have the highest risk of AD (those with 0 or µM levels have 2 lowest risk of AD) [53] . These nM levels may correspond to the significant increases in 3 phytoestrogens from hops [54] , and estradiol from drinking beer or wine [55] ; after consuming 4 beer (alcoholic or non-alcoholic) the estradiol levels in men appear to be almost 3x those found 5 in postmenopausal women. 6
Results here are in line with smaller studies that find reduced risk for AD associated with both 7 wine (an education correlate) and the availability of dental care (related to wealth and the risk 8 factors associated with beer), and elevated risk of AD for beer consumption irrespective of 9
wealth. There is a need to establish uniform reporting rules for AD at death to make USA data 10 more consistent for epidemiological studies. 11
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